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NOVEL PHOTOVOLTAIC DEVICE FOR TARGETED DRUG DELIVERY

ABSTRACT
by
SUNNY SHARAD AMBURE
Despite decades of research, progress in targeted drug delivery is relatively slow,
hampered, in part, by the lack of appropriate mechanisms to deliver anticancer drugs
selectively to tumor tissues. Systemic or oral administration can cause severe toxicity,
which limits the therapeutic potential of anticancer drugs [1]. Therefore, the most
important goal of drug delivery is to minimize the exposure of normal tissues to these
drugs while maintaining their therapeutic concentration in tumors.
A photovoltaic cell (PV) is a system that converts lights into electricity as well as
induces charge transfer by photovoltaic effect. Motivated by such unique property, we
have hypothesized that a PV, which holds opposite charges on its surfaces, can serve
as a new drug delivery system to carry cancer chemotherapeutic drugs or substances
and release them when the charge intensity or polarity changes upon external photo
stimulation, such as near Near-Infrared (NIR) light or Laser source. In this new strategy,
taking advantage of the attraction and repulsion between a photovoltaic device and a
substance is proposed to serve as a new drug delivery method.
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1 INTRODUCTION
An important goal of targeted drug delivery is to minimize the exposure of normal
tissues to the drugs while maintaining their therapeutic concentration in diseased parts
of the body [2]. However, current methodologies are not yet ideal for such goal;
therefore, new strategies for targeted drug delivery are needed. A photovoltaic cells
(PV) is a system that converts lights into electricity as well as induces charge transfer by
photovoltaic effect [2]. A PV can serve as a new drug delivery system to carry cancer
chemotherapeutic drugs and release them upon external photo stimulation (NIR or
laser). The near-IR (NIR) or laser source can penetrate 2 - 10 cm through human skin
tissue [3].
The ultimate goal of this project is to develop a targeted chemotherapeutic drug
delivery methodology based on NIR activated micro-photovoltaic devices. In this pilot
study, we will investigate if the charged molecules can be effectively released from the
PV device when exposed to photon stimulation. As proof of principle, we have first
experimented coating by commercially available photovoltaic devices with positively
charged poly-l-lysine and negatively charged bovine serum albumin (BSA) and tested
the release of the molecules upon photo stimulation. These molecules were physically
absorbed onto the surface of the PVs before exposed to an IR LED illuminator, which
was used as an external light source.
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2 LITRATURE REVIEW
2.1

Drug Delivery

The number of products based on new drug delivery systems has significantly
increased in the past few years, and this growth is expected to continue in the near
future[4]. Recent advances in the field of biomedical have accelerated research of
biopharmaceuticals, and today a large number of researchers are busy developing
protein based drugs and giving more attention towards drug delivery methods. These
biopharmaceuticals present challenges to drug delivery scientists because of their
unique nature and difficulty in delivery through conventional routes[5].
Systemic chemotherapy continues to be the mainstay of treatment for many
types of cancer [6]. However, despite many successes in terms of curing cancer or
significantly prolonging the survival of patients with cancer, chemotherapy continues to
produce significant acute and long-term side effects [7]. There are multiple factors that
can contribute to the acute cognitive effects of chemotherapy, including emotional
distress associated with cancer diagnosis and treatment, sedation, antinausea pain
medications, anemia, fatigue, menopause, hypercortisolism, adrenal insufficiency,
thyroid dysregulation, and electrolyte disturbances [8].

A significant proportion of

patients will report changes in their memory and in their ability to concentrate and focus
their attention while on chemotherapy. Therefore, future research will focus on the
delivery of complex molecules through different routes, such as targeted drug delivery
for chemotherapy[9] [10].

3

2.1.1 Targeted Drug Delivery
An important goal of targeted drug delivery is to minimize the exposure of normal
tissues to the drugs while maintaining their therapeutic concentration in diseased parts
of the body [2]. The attempts to improve the pace of discovery of cytotoxic agents
proceeded in the late 1980s; molecular and genetic approaches to understanding cell
biology uncovered entirely new signaling networks that regulate cellular activities such
as proliferation and survival [11]. Many of these networks were found to be radically
altered in cancer cells [9]. An industrial revolution unfolded, based primarily in small
biotechnology firms, researchers set out to repair these molecular defects in cancer
cells, beginning the era of ‘targeted therapy’ [12]. The new targets included growth
factors, signaling molecules, cell-cycle proteins, modulators of apoptosis and molecules
that promoted angiogenesis[10].

2.2

Photovoltaic Cells

A photovoltaic (PV) cell (also called solar cell or photoelectric cell) is a solid state
device that converts the energy of sunlight directly into electricity by the photovoltaic
effect [2]. The photovoltaic effect is the basic physical process through which a PV cell
converts sunlight into electricity and transport inside a semiconductor material, of
positive and negative electric charges, through the action of light. This material features
two regions, one exhibiting an excess of electrons, the other an electron deficit,
respectively referred to as n-type doped and p-type doped [13]. When the former is
brought into contact with the latter, excess electrons from the n material diffuse into the
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p material, the p-doped region negatively charged. An electric field is thus set up
between them, tending to force electrons back into the p region. A junction (so called pn junction) has been set up. By placing metallic contacts on the n and p regions, a diode
is obtained. When the junction is illuminated, photons yield their energy to the atoms,
each photon causing an electron to move from the valence band to the conduction
band, leaving behind a hole, which also able to move around the material, thus giving
rise to an electron-hole pair (fig. 1).

Because of the circuit at the cell’s terminals,

electrons from the n region will migrate back to the holes in the p region, and it raises
the potential difference: the electric current passes through circuit [14].

Figure 1. In the typical PV cell, photon energy frees electrical charge carriers, which become part
of the current in an electric circuit. A built-in electric field provides the voltage needed to drive the
current through an external load.
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2.3

Biodegradable PV Cells

Organic photovoltaic cell has come into the international research focus during
the past three years [15]. Up to now main efforts have focused on the improvement of
the solar conversion efficiency. Despite this in comparison to inorganic technologies low
efficiency, organic photovoltaic cells are evaluated as one of the future key technologies
opening up completely new applications and markets for photovoltaic [16]. The key
property which makes organic photovoltaic so attractive is the potential of reel to reel
processing on low cost substrates with standard coating and printing processes [17].
The advantages of the polymer solar cell technology over existing solar cell
technologies include: flexibility, low cost, low thermal budgets, solution processing, rollto-roll processing, and light weight. The aspect of roll-to-roll fabrication methods using
printing and coating techniques implies that very high throughput speeds of many
meters per second can be achieved [18].

2.3.1 Materials for Biodegradable PV cells
Aliphatic polyesters with their hydrolysable ester bonds have attracted much
attention for applications in which biodegradability or compostability is considered
important [18]. A variety of aliphatic biodegradable polyesters has been developed
commercially or is under development, including those naturally produced, such as the
polyhydroxyalkanoates (PHAs) or those derived synthetically in several steps using
monomers derived from renewable resources such as PLLA. The ester linkages in
PLLA are sensitive to both chemical hydrolysis and enzymatic chain cleavage. PLLA is
therefore completely biodegradable when composted in humid environments at
6

temperatures above 60ºC [19]. The first step in the degradation process is the
hydrolysis of the ester bonds, leading to a cleavage of the polymer backbone and the
liberation of lactic acid. The lactic acid is composted by microorganisms. PLLA-based
materials can therefore be rapidly broken down in nature and their disposal does not
pose an environmental threat to the same degree as the disposal of non-biodegradable
polymers such as the polyolefins [20].

2.3.1.1

PLLA (poly-L-lactic acid)

Polymer photovoltaic devices were prepared using a biodegradable poly-L-lactic
acid (PLLA) substrate loaded with nanoclay in an attempt to improve the thermal
properties. The nanoclay-loaded PLLA substrates were prepared by compounding and
extrusion. The substrate thickness was 200 µm and the substrates had good
transparency in the range 300–800nm of, respectively, >80% for PLA and >60% for
PLLA loaded with nanoclay[21]. It was found that PLLA as a substrate holds potential,
but there are several challenges beyond the photovoltaic itself which must be met
before general application within this field can be envisaged. The most important
aspects are the planarity of the PLLA surface, the mechanical stresses induced by the
extrusion process, the limitation in processing temperature, and the limitation in the
available range of solvents for solution processing [22, 23].

7

2.3.2 Poly (3-hexylthiophene) (P3HT) and Phenyl C61 Butyric
acid Methyl ester (PCBM)

One of the most promising polymer solar cells developed to date in terms of
efficiency and stability is based on the combination of regioregular poly(3hexylthiophene) (P3HT) as donor and [6,6]-phenyl C61 butyric acid methyl ester
(PCBM) as acceptor. External quantum efficiencies above 75% and power conversion
efficiencies of up to 3.85% have been reported recently for these P3HT/PCBM
devices[23]. The high efficiency of these devices can be related to the intrinsic
properties of the two components. Regioregular P3HT self-organizes into a
microcrystalline structure. The efficiency of solar cells based on P3HT and fullerenes
was shown to depend strongly on the processing conditions and to improve particularly
by a thermal annealing step [24]. To utilize the effect of annealing to identify critical
morphology parameters that determines the performance of these cells by studying the
changes in morphology of these composites before and after annealing [22].

2.3.2 Manufacturing Methods
The polymer solar cells typically comprise a multilayer structure where each layer in
the stack may be formed by an individual film-forming technique [25]. The ideal
manufacturing process should involve solution processing of all layers on flexible
substrates by the combination of as few coating and printing steps as possible. The
process should be free from costly indium, toxic solvents and chemicals and the final
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polymer solar cell product should have a low environmental impact and a high degree of
recyclability [26].

a. Coating and printing techniques:
The following describes method which allow for printing and coating in batch
mode in which a small amount of substrate is printed or coated with (active) material.

Casting: This is probably the simplest film-forming technique available. The advantage
is that no equipment is needed apart from a very horizontal work surface. The
procedure is to simply cast a solution onto a substrate followed by drying. While it is
possible to prepare films of good quality as well as thick films, the technique suffers
from a lack of control over the film thickness and picture framing effects are often
observed near the edges of the film or precipitation during drying [27].

Spincoating: The film-forming technique that undisputedly has been most important for
the development of polymer solar cells to this day is spincoating [28]. The technique has
been subject to numerous fundamental studies and its use and scope has been
reviewed recently [29]. In spite of the complexity of film formation, it allows for the highly
reproducible formation of films and has several advantages over other coating
techniques during drying which allows for the formation of very homogenous films over
a large area. One of the main applications of spincoating is in the area of
microelectronics industry of polymeric photoresists to silicon wafers and is involved in
crucial steps during the production of digital versatile discs (DVDs) and compact discs
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(CDs). The typical spincoating operation involves the application of a liquid to a
substrate followed by the acceleration of the substrate to a chosen rotational speed [29]
(Fig. 2). Alternatively the liquid solution may be applied while the substrate is spinning.
The angular velocity of the substrate with the overlying solution results in the ejection of
most of the applied liquid where a thin film is left on the substrate. The success of
spincoating in the field of polymer photovoltaics is in spite of its wasteful nature
understandable. Most of the applied solution is ejected during spincoating but since a
very small volume is required to complete the operation[30].

Figure 2. Schematic illustration of the spincoating [30] .

Screen Printing: It is a very versatile printing technique that allows for full 2dimensional patterning of the printed layer. Its main distinction from all other printing
and coating techniques is a large wet film thickness and a requirement for a relatively
high viscosity and a low volatility of the coating solution [31].
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Ink jet Printing: Ink jet printing is a relatively novel process from the point of view of
industrial printing and coating and the technology has been driven forward by the typical
low-cost ink jet printer for the home office. Industrial ink jet printers where one has some
choice in the type of solvents used have recently become commercially available. The
ink jet printing process has the advantage of quite a high resolution, which is easily
300 dpi and up to as a much as 1200 dpi without too much difficulty [32]. In contrast to
most other printing techniques relevant to polymer solar cells, there is no need for a
complex master as the source image to be printed is digital. It is difficult at the current
stage to determine whether ink jet printing will play an important role in the high volume
fabrication of polymer solar cells. The advantages offered by the technique and the
good literature examples of its use makes it likely that it will be used for creating
complex patterns and perhaps devices with a small outline of the active area [33].

b. Roll-to-Roll Techniques:
In contrast to the techniques described above that all operated on a single
device, the methods described in this section all involve a substrate in the form of a very
long sheet that is wound on a roll. Aside from the printing or coating operation, there
may be other process steps involved such as heating, drying, UV-curing, etc. [34].
Ideally the raw substrate should enter the processing machine at one end and the
completed flexible polymer solar cell should emerge at the other end (Fig 3). This is
appealing and in the printing and coating industry one strives to process in such an
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integrated manner that the handling damage is significantly reduced and throughput can
often be increased [35].

Figure 3. Roll-to-roll Technique [32]

2.4

Micro Solar cells
Standard single-crystal or multi-crystalline solar cells consume approximately

380 to 400 microns of material of the ingot (combining wafer thickness, polishing loss,
and kerf loss) [36]. Thin micro silicon photovoltaic have advantages over their thick
counterparts such as increased spectral response, open circuit voltage, and fill factor
[37].

Researchers at Sandia National Laboratories in Albuquerque, NM developed
micro scale solar cells that offer cost and design advantages. Smaller solar cells are
more efficient at dissipating heat. When the cells are below a millimeter, it rejects the
heat so efficiently that it does not need any cooling systems. The thickness ranges from
14 to 20 micrometers thick (a human hair is approximately 70 micrometers thick), they
are 10 times thinner than conventional 6-inch-by-6-inch brick-sized cells, and perform at
about the same efficiency (Fig. 4). Sandia makes these cells from silicon that has been
processed using conventional chemical methods. The cells are carve out of this silicon
12

using a chemical etching technique that creates negligible waste, and then treat the
surface of the wafer to create the electrical properties necessary for a functioning cell.
The resulting cells are about 20 micrometers thick but have the same efficiency as
conventional cells, converting about 14.9 percent of sunlight into electrical energy.
Usually, the cells are made in hexagonal shape, which makes the most of the available
area without wasting much silicon [36].

Figure 4. Optical image of 500 micron wide, 20 micron thick Micro Solar Cells [36].

Similarly, Semprius, a NC based company, has developed a novel micro printing
technology. Semprius's solar modules contain arrays of square cells that measure just
600 micrometers on each side. These cells have three semiconducting layers--each of
which is based on gallium arsenide and absorbs a different band of sunlight--and they
are made using a combination of chemical etching and printing, which means fewer raw
materials are wasted. They can operate under sunlight concentrated 1,000 times using
cheap optical systems. According to the National Renewable Energy Laboratories, the
efficiency of the resulting modules ranges from 25 to 35% [38].
13

3 HYPOTHESIS AND OBJECTIVE

3.1

Hypothesis

Photovoltaic Cell holds opposite charges on its surfaces and also possesses a
special property called the photovoltaic effect. Motivated by such a unique property we
hypothesized that, Photovoltaic Cells which, can serve as a new drug delivery system to
carry cancer chemotherapeutic drugs and release them when the charge intensity or
polarity changes upon external photo stimulation, such as near Near-Infrared (NIR) light
or Laser source (Fig. 5). In other words, after coating the discharge PV cells with drugs,
upon external photo stimulation the drug will release from PV onto the tumor cells.

Figure 5. Systematic illustration of drugs release from photovoltaic device (PV) upon external
photo stimulation
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3.2

Objectives

There are three major objectives in this research that will be aid in targeted drug
delivery using PV cells.
a) Prove the concept that photovoltaic cells have the capability to deliver and
release drugs.
b) Demonstrate the delivery of positively charged and negatively charged molecules
with this method.
c) Evaluate the amount of drug release with and without external photo stimulation.
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4 MATERIALS AND METHODS
4.1

Photovoltaic Cell preparation

Photovoltaic cells were obtain from RadioShack® (Custom assembled in USA
with foreign and domestic components at Fort Worth, TX); the mono crystalline silicon
gives open circuit voltage 0.55VDC in full sun light, maximum voltage 0.484V and
maximum current 0.25-0.275 amps. The dimensions of the PV cells are 0.8 X 1.66” (2 X
4 cm).

Figure 6.Top view of PV cell with wall around the edges.

The wall was made with glue to protect the drugs from licking out of PV cells.
Wall was 2 mm thick and 3 mm in height (Fig. 6). The mini round glue sticks are
manufactured by Care & Repair ™ (Prym Consumer USA Inc. ®). The glue sticks are
made from non-toxic material and melting point is 54º C.
For external photo stimulation a regular table lamp was used. The lamp was
obtained from American Fluorescent®, and specifications are Model no. - 288741, Input
Voltage – 12V, Input Power – 2.1 Watts, Current – 0.175 Amp, Dimensions – 3 X 4 inch.
16

To read the amount of drug release we are using eppendorf ® BioPhotometer ®
at absorbance of 260 nm wavelength.

4.2

Preparation of Bovine Serum Albumin (BSA)

Bovine serum albumin (BSA) is a large globular protein (mol wt. 66,000 Dal) with a
essential amino acid profile. BSA is an amphiphilic protein and due to the presence of a
NH2 and a COOH group in its molecular structure. The isoelectric point of bovine serum
albumin is pl = 4.7 therefore, BSA has a negative charge above pl 4.7. BSA was
obtained from Sigma-Aldrich® (Product no. A2153) and has assay of ≥96% (agarose
gel electrophoresis), pH 6.5-7.5 (1% in 0.15 M sodium chloride). The solution was made
with a concentration of 25 mg/ml with distilled water. Total 16ml of solution was made
and poured into the tube. The solution was stored at 2-8 ºC.

4.3

Preparation of Poly-l-lysine

Poly-L-Lysine (C6H12N2O) n is a synthetic amino acid chain that is positively charged
and widely used as a coating to enhance cell attachment and adhesion to both plastic
ware and glass surfaces [39]. The molecular weight of Poly-L-Lysine can vary
significantly with lower molecular weight (30,000 Da) being less viscous and higher
molecular weight (>300,000 Da) having more binding sites per molecule. We are using
Poly-l-lysine having molecular weight 150,000-300,000 and a concentration of 0.1 %
(w/v) in H2O obtained from Sigma-Aldrich® (Product no. P8920). Poly-l-lysine was
dissolved in distilled H2O to lower the concentration to 0.05%. A total 16ml of solution
was made and poured into the tube.
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4.4

Coating of charged molecules

The wall is needed to be prepared around the boundaries of 8 PV cells using glue
(as shown in figure 6). To clean the dust particles and other residues wash the PV cells
with distilled water and dry them using tissue paper. After that, put cells into dark for at
least 12 hours; it will help to remove existing charges from PV cells. During this time
make 16 ml, 25 mg/ml concentrated negative charged BSA [40] solution and refrigerate
at 8 ºC. Second and important step is coating of BSA, after discharging of PV cells, add
1.5 ml of BSA solution on n-type surface (top part) of PV cells using eppendorf ® 1000
µL pipettes. This step should be done in the completely dark room to avoid any charges
on cells. Keep these solar cells in the dark for 5 hours; this period helps to attach
molecules on PV cells.
The procedure of coating negative charged poly-l-lysine is similar to BSA. In this
process, after the discharging of cells for 12 hours, prepare the poly-l-lysine solution
with a concentration of 0.05% with distilled water and refrigerate at 8 ºC. Coat 1.5 ml of
poly-l-lysine solution on p-type (bottom part) of PV cells using eppendorf ® 1000 µL
pipettes. Keep the cells in the dark for 5 hours for coating.

4.5

Releasing of molecules upon Photo Stimulation

During these 5 hours poly-l-lysine and BSA will attach to PV cells. Wash the cells
with distilled water to remove unbounded drug. Add 1 ml water on PV cell. Divide cells
in two equal groups. The first group (4 PV cells) kept under light for external photo
stimulation and the second group (4 PV cells) still in the dark. Place these cells for 3
18

hours in their respective environment. After 3 hours, take a 500 µL drug from each PV
cell into

UVette® and read the absorbance of these

samples using eppendorf ®

BioPhotometer ® at 260 nm wavelength. Plot the graph in Microsoft Excel 2010® as
amount of drug release on the Y axis vs. stimulation and without stimulation on the X
axis. While plotting the graph change the OD values to µg/ml unit.
The step-by-step schematic representation of coating and releasing of poly-llysine from PV cells is shown in figure 7.

Figure 7. Schematic diagram showing step-by-step procedure of the experiment.

19

4.6

Control Group

4.6.1 Coating of charged molecules on Non-PV cell
Microscope slides (Fisher Scientific ® and sized 75 X 25 mm) were used instead
of PV cells to see the amount of charged molecules released upon external photo
stimulation. A microscope slide does not possess a photovoltaic effect, so there should
be the same amount of molecules begin released from external photo stimulation and
non-stimulation. The procedure for this control group is the same as the procedure for
PV cells.

4.6.2 Opposite side coating of charged molecules
In opposite coating the positively charged poly-l-lysine were coated on negative
charge (n-type) PV surface and negatively charged BSA were coated on positive
charged (p-type) of PV cells. The attraction between opposite charges is helped to
create a bond between molecules and PV cells; therefore there should be the same
amount of molecule release from PV cells.

4.7

Intensity of light

To measure the intensity of light, the Light Meter (Extech Instruments®, Model no
EA31) was used. Out of 12 LED light only 1 LED is kept open from lamp (light source)
to get different intensities. Coated 8 PV cells with BSA at 25 µg/ml concentration and
kept in the dark for 3 hour. First is to put 4 PV cells under 3.89 k lux light intensity and
20

other 4 cells under 1.53 k lux intensity for 1 hour. After this step, take a 500 µL drug
from each PV cell into UVette® and read the absorbance of these samples using
eppendorf ® BioPhotometer ® at 595 nm wavelength. Plot the graph in Microsoft Excel
2010® with the amount of drug release on the Y axis vs. stimulation and without
stimulation on the X axis.

4.8

BSA FT-IR Spectroscopy Test
Freshly coated 8 PV cells with BSA (concentration 25mg/ml) were sent to Oak

Ridge National Laboratory (Oak Ridge, TN) for testing of samples using FT-IR
spectroscopy. FTIR was performed on a Vertex 70 FT-IR® spectrometer from Bruker
Optics® using a liquid-nitrogen cooled mercury-cadmium-telluride (MTC) detector. In
attenuated total reflectance (ATR) mode, the backgrounds were taken from air. The
scan resolution is 4cm-1 and 64 scans were collected for both background and
samples.

21

5 RESULTS AND DISCUSSION
5.1

Negatively charged BSA

Negatively charged bovine serum albumin (BSA) when discharge on n-type
surface at 25 mg/ml concentration, it is found that a large amount of molecules released
upon external photo stimulation. Figure 8 shows that 14.7234 µg/ml of molecules were
released during external photo stimulations compared to 2.1119 µg/ml during nonstimulation. It was found that the amount of molecule released using BSA is significantly
greater than poly-l-lysine.
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16

14.72342667
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2.11191

0
Non-stimulation

Stimulation

Figure 8. Release of BSA when discharge on n-type surface.

22

5.2

Positively charged Poly-l-lysine

Positively charged poly-l-lysine when discharge on p-type surface at 0.05%
concentration, shows a significant amount of molecules were released (p > 0.05) upon
external photo stimulation. It was found that 4.2496 µg/ml of molecules were released
during external stimulations in compared to 3.8399 µg/ml during non-stimulation.

4.6

4.4

p=2.34✕10-4

4.2496

µg/ml

4.2

4
3.839971429

3.8

3.6

3.4
Non-stimulation

Stimulation

Figure 9. Release of poly-l-lysine when discharge on p-type surface.
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5.3

Control Group
5.3.1 Release of molecule from Non-PV device

Microscope slides were used as a non-PV device. A microscopic glass slide does
not possess any photovoltaic effect. The positively charged poly-l-lysine when coated
on glass slides, it was found that, same amount of molecules were released from the
glass slides during with or without external photo stimulation (Fig. 10). The control group
was evaluated by method described in section 4.6.1 showing that both samples groups
were significantly equal (p>0.05).

4.1
4.05

p=0.39

4.0136

µg/ml

4
3.9664
3.95
3.9
3.85
3.8
No stimulation

Stimulation

Figure 10. Release of molecules from non-PV device.
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5.3.2 Opposite side
Previously, positively charged poly-l-lysine was coated on p-type surface of
photovoltaic cell. In this experiment, poly-l-lysine was coated on n-type surface that is
on the opposite side of PV cell. The attraction between opposite charges is helped to
create a bond between molecules and PV cells; therefore there should be the same
amount of molecule release from PV cells (Fig. 11). This method is described in detail in
section 4.6.2.

6
5

p=0.29
4.462

4.1434

µg/ml

4
3
2
1
0
No stimulation

Stimulation

Figure 11. Release of molecule during opposite side coating, Samples are significantly equal
(p>0.05)

5.4

Intensity of Light
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In this experiment the PV cells coated with BSA on n-type surface. Four PV cells are
kept under 3.89 k lux light intensity and other 4 cells under 1.53 k lux intensity for
1 hour. It is found that, the intensity of light is directly proportional to amount of molecule
release from the PV cells. At high intensity (3.89 k lux) more BSA molecules was
released in compare to low intensity of light (1.53 k lux) (Fig. 12). The readings from
BioPhotometer® at 595nm absorption are plotted.
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Figure 12. Release of molecule at High and Low intensity.

5.5

BSA FT-IR Spectroscopy Test

Figure 13 shows absorption spectra in the Amides region of a BSA sample in
native (room temperature) and aggregated forms (after 2 h of incubation at 58 ºC). As
can be seen, BSA exhibits an intense Amide I band centered at approximately 1650 cm1 in agreement with the reported percentage of α-helix structure. Both Amide II’ and
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Amide I spectral contributions are present and, this suggests that the nitrogen remained
within the core of the protein, that are inaccessible to the solvent in the native form.

Figure 13. IR absorption spectra of BSA

5.6

Microscopic Observation

PV cells coated with BSA are observed under the Optical Microscope. The FTIR
spectra are collected from the BSA coated solar panel with and without photo
stimulation. It is found that, more BSA protein aggregation was on the surface of PV
27

ccells which are kept in the dark and less BSA protein when PV cells kept for light
stimulation. The PV cells surface boundaries are more clear and visible in the light
group, while in the dark group cells are unsmooth and bumpy, as shown in figure 14
and 15.

Figure 14. Dark Group: More protein aggregations left on solar panel to form bumpy surfaces

Figure 15. Light Group: The underlying solar panel grain boundaries are more visible and clear

28

CONCLUSION

Currently, photovoltaic cells are being used in the commercial market like generating
electricity, water heating and other heating purpose. There is almost no use of PV cells
in biomedical field. We think that in future this experiment will open the door for
scientist and researchers to improve and development of PV cells for targeted drug
delivery and other applications. Right now more research is needed to implement the
use of photovoltaic cells for targeted drug delivery.
In this experiment we are using large PV cells to prove our concept that a PV cell
has a capability to release charged molecule upon external photo stimulation. The next
step is to do experiment on micro PV cells (Size 300µ to 500 µ) manufactured by
Sandia National Laboratories, both the cells possess photovoltaic effect therefore we
can expect the same result from micro PV cells. Furthermore, the future research will be
based on biodegradable micro PV cells for in vivo experiment.
Moreover, the data shows that the PV cells can effectively carry either positively or
negative charged molecules on its surface and release them upon external photo
stimulation, which suggests the PV has potential to be used as a new drug delivery
system to carry cancer chemotherapeutic drugs.
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